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Improvements in desJ.red characteristics can be seen from wet end chemical 
additives and will be accompanied by some degree of negative results in other 
desired characteristics. lab work is useful in identifing qualitatively the 
specific areas where negative and positive effects will be seen. The neg-d. tive 
results must then be weighted against the positive gains. 
'l'he Britt Jar is a powerful tool for predicting pilot machine behavior and 
should be used with hand sheet data. Pilot machine data is included as veri­
fication of Lab findings. 
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For many years members of tho Box Board Research and Development Associa­
tion have listened to and read about the benefits received from wet end 
chemical additives. Most of these arguments have delt with findings based 
on virgin fiber. Moat member mills have tried various chemicals with mixed 
results. Some mills reporting good results, while most have not seen all 
claimed results. Reports dealing with poor results offer such catch-all 
phrases as "Anionic trash" and "disolved salts" as explanations. 
Therefore, it le the main objective of this paper to determine on the pilot 
machine if any wet end chemical additives are effective when used in 100>/4 
recycled filler furnish. Effectiveness is measured relative to: 1) water 
removal, 2) fine retention and 3) sheet properties, bulk, smoothness, tensile, 
TEA, internal bond, and stiffness. 
To reduce the ·amount of time in pilot machine trials, a bench evaluation 
was conducted to screen out the noneffective chemicals in achieving the 
desired characteristics. 
The results are not intended to be an endorsement or nonendorsement of any 
materials evalunted. The purpose is simply to state that under these conditions 
this is the result. 
Exporimenbtl ProcHdure - Bench P.vn.lun tion 
:Furnish for the study was selected randomly from bales of waste - news, 
corrugated and box shop cuttings. Two furnish combinations were used, a three 
part furnish consisting of equal amounts of all three with a 25% fine content 
and a two part furnish consisting of throe parts corrugated to ono part news 
wi.th a 20)6 fine content. 
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Wet and additives were solicited from eleven different chemical companies 
with the objectives in mind. A total of 49 different single or dual chemical 
systems were evaluated. Chemicals received ranged from cationic low, medium, 
high molecular weight polymers to Anionio,low and high molecular weight 
polymers. Amphoteric, cationic and anionic starches were also included as 
were nonionic polymero and mineral fillers - Reference Table I, Appendix. 
Furnishes were pulped in a commercial size Waring Blender at 2% consistency 
for 20 minutes. From each batch 40 hand sheets or Britt retentions could be 
run roughly enough to evaluate only three chemicals. For each batch a 
"blank" (no chemical added was made). 
Handsheets were made following Tappi standard T205 om-81, with a target 
basis weight of 12#/mft
2
• A constant turbulence (mixer) was added to the sheet
mold to better simulate actual forming conditions. Fine Retention was determined 
using the Britt Dynamic Drainage Jar following standard procedures with one 
exception. Tho white water solids were determined by filtration vs evapora-
ting water in a weighed cnn. Evaporating the water is more accurate, but it is not
practical to tell a ma.chine operator tomorrow where the machine is at today! 
The error here is small since 95% of the white water will be deposited on the 
filter pad. 
'lwo drainage measurements were made, the first in the sheet mold was made 
according to Tappi Standard T221 om 81. This is a measure of time for water to 
leave the wet sheet on the wire. The better tho drainage the lower the time 
requirod. The oooond test is a measure of the volume of white water through 
tho Britt Jar in a ffxed time period of 30 seconds. The botter-tm drainage 
the groa ter tl e amount of white water through. Sinco no pad is formed in the 
l3ritt Jar, the sheet mold measure is moat likely a better indicator of drainage 
rato on a paper machine wire. 
7 
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Moisture contents by weight difference were measured after standard 
preoeing and after one pass through the Noble and Wood Drier held at a 
0 constant temperature of 180 F. Both measurements are very sensitive due to the 
low weight of the handaheets. Stated another way, a .• 01 gram change in a hand sheet 
equals 1%. This high sensitivity makes for a high experimental error. 
Density is a measure of basi� weight divided by caliper. 
Stiffness was measured on the Gurly stiffness teeter. Using four taber 
tabs at a time and the five unit weight in the one inch position. 
Tensile strength and TEA were measured on the Inatrru tester. 
Smoothness was measured on the Parker Print Surf with the soft backing, 
10 kg/cm2 clamping pressure and a head pressure of .63 meters. 
The% fine fraction was determined on the Ba�er McNett Classifier. 
Bench Evaluation Results 
Table II, appendix lists the results for all chemicals. Evident was a large 
variation in the blanks due to variations in raw stock. Due to this variation, 
all tests i.n Table II are expressed in a percent increase or decrease from 
the blank for that batch. Examples Code E, fine retention, 3 part furnish 
indicates +36.1 at the 22fton level. The fine retention for that batch was 
61%, adding chemical E incroased the fine retention to 83%• 
83% - 61% 
61% • +36.1
All tests in tables have been factored for basic weight which ran 1 2.<51/mft2
+ 2.0 (95% C.L.).
The data in tho above form was sent to Chemical Additives TRsk Force of the 
l3RDA and a consensous was reached to evaluate four chemicals on the pilot machine: 
Chemical Con three part furnish was selected for· improvements in drainage 
and retention with very slight strength lose. Chemical Eon both furnishes 
for improvements in retention, density and stiffness. Chemical Don both 
furnishes for improvements in water removal during pressing and drying, 
stiffness, mullen and tensile. Dual chemicals A/B on two part furnish for 
improvements in retention, stiffness, tensile and-drainage. 
Wi.th so many chemicals to evaluate, it was surprising how limited the 
choices were. In fact, some of tho materials gave drainage problems in both 
the sheet mold and Britt Jar. These chemicals are:. identified by an asterisk 
under fine retention table II. Adding these chemicals caused plugging of the 
wire. The chemicals formed small floes that were broken down due to shear 
action, then when the particles passed through the wire, the floes reformed. 
funy of these floes were then trapped between the wire and a coarse screen 
under the wire, thus plugging the wire. Since not all the material actually 
went into tho white water, no accurate measure of retention can be made. 
Data was plugged into a statistical package -in WMU'a PDP10computer and 
analyzed. No over-all correlations were seen between the variables except 
the most obvious. Such as, the higher moisture content after pressing,the 
higher t}1e moisture content after drying. This indica tea tha. t each chemical 
must be evaluated on an indlvidual basis. Indeed this was how the materials 
were sel'octed for further evaluation on the pilot machine. It is also true 
that improvemonto in one or more desired properties are always at the expense 
of one or more other desired propertioa. 
Experimontn.1 Procecture FUot �·1.'lchine Svnlun. tions 
The furnish used ;..,as from the same bales of paper used in tho bench 
evaluation. 
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The chemical additives choosen from the bench work were prepared following 
precisely manufacturer's guidlinos. Five additive levels were choosen, two 
corresponding to bench levels. Chemical C,a liquid, was diluted to •5% and 
mixed 30 minutes. Chemical A, a dry powder, was diluted to 1% and mixed two 
hours. Chemical B, a .dry powder, was diluted to .5% and mixed two hours. For 
chemicals A and B,continuous preparation would eliminate long mixing times. 
Chemical D, a dry powder, was diluted to 5% and cooked at 200°F for 15 minutes. 
It was then diluted to 1%. Chemical E, a liquid-, was diluted to 1% and mixed 
for 30 minutes. All chemicals were fed into the headbox at·the appropriate feed 
rates. 
Stock was dispersed in a pilot scale hydro pulper at 6¾ consistency and 
160°F for 20 minutes. The stock also had to be dosed with a small amount of 
NaOH to help break up the wet strength in the corrugated. After pulping,the 
. . 
.,., 
stock had to be screened on the Johnson screen with .020 slots. Thia removed 
the large plastic and unpulped clumps that remained. It also discarded a good 
portion of tho long fibers which effectively increased the percent fine content 
over that in the bench work. For the two part furnish% fine content went from 
20% in the bench study to 32% on the pilot machine. For the three part furnish 
it went from 25% to 39'/4. 
The pilot machine was a fourdinier with a deckle of 23 inches and a speed 
of 100 fpm. 'I'ho production rate was 15r/l/hr. Target basis weight was 10#/mrt2, 
similar to one ply on a board machine. The pilot ma.chino had two wet press 
sections held at a const::mt 85 PLI loading. 'l'he main steam to drier header 
pressure was held at a constant of 20 psi. The sheet was calandard through two 
nips with a constant loading of 160 PLI. 
-
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Moisture measurments were made after the wire on the felt and after 
pressing using a Gama J,'toisture Gu.u.:�c for chcmicalo A/D, C and D • .Mo:..1suruu10 nts 
for chemical E after tho wire and pressing were made on web samples using oven 
dry method. All measurements for moisture at reel were made by oven dry method 
as well. 
Total acidity was measured and varied slightly from 20 - 15 ppm for all 
trials. 
Britt fine retentions were determined from the samo headbox samples used to 
measure machine fine retentions. The machine white water solids were determined 
from the first tray. The flow in the second (clear water) tray was very slow and 
solids eettled out readily so no accurate sample could be taken, Also, no 
sample of the solids from the couch roll could be made. '!'his is a common problem 
on fourdinier machines and previous work has shown that only 5% of the lost solids 
will roach the couch roll. Thus, using an estimated constant of .90 in the 
retention equation should account for these two small errors. 
·Drainage rate was hoped to be measured by any changes in the dry line on the
wire1 however, the dry line did not move except when the suction boxes were 
shut on or off for the entire trial. 
Percent fine content in the sheet was determined following standard proce­
dures in the Bauer McNett fiber classifier. The sheet first had to be redispers­
od in a_Wi.lliums disintegrator at 1% for 10 minutes. Since all trial .paper 
made dispersed easily, there should be no problem with recycling. The Williama 
dieintegrator is designed to do minimal work on tho individual fibers. Break­
ing down the fiber-fiber n.nd fiber-fine bol'd.a. A total headbox fine content 
was determined from adding white water solids to fine content found in tho sheet. 
CS}"' was also meas\lrod on repulped sheet • 
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Gurly, Stiffness, Parker Print Surf, Tensile TF...A, Basic Wt., Caliper and 
Mullen toeto were run on all paper produced. 
f;xporimental Rosults Pilot }-:Valu�tions 
Table III, appendix lists results for all pilot machine trials. Graph 1 
indicates the results for Chemical C choosen for drainage and fine retention. 
Shown ia good improvement in retention with accompanying cleaner white water. 
Mullen also increase indicating the chemical acted to supplement the natural 
hydrogen bonding in bridging the fines to the longer fibers. The presence 
of more paper making fines also provides more potential bonding sites. 
Negative effects shown in Table III are seen in increased moisture content 
through the machine and increased density. 
Graph 2 indicates results for dual system A/B choosen for strength and 
retention. Shown are improvements in retention, tensile, Mullen and stiffness. 
Negative effects shown in Table III were seen in moisture at the reel and 
density. 
Graphs 3, 4, 5, and 6 summarize results seen with Chemical D choosen for 
water removal. '.l'he rcsul ts for moisture are varied depending on level of 
addition and furnish were seen. Negative effects are seen consistently in 
MD 1rF.A. 
Graph 7 and 8 summerize results for Chemical E, choosen for improvements 
in density and retention. The results here are again mixed, depending on 
addition levels and furnish good results aro seen in density and retention. 
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Discussion of Pilot Results 
Tho data was then analyzed and a number of statistically signi.ficant 
correlations exist. Grapm9 through 18 summarize these correlations. Noted 
on theae graphs is a small "r". Thia stands for regression coefficient. 
Loosely termed r is a measure of how good a linear relationship is between 
two variables, Stated another way, a r=.50 indicates that 5� of the 
variation in the dependent variable is related to the independent variable. 
A r :s 1 incUc:tteD a 11crl\�ct direct linear relationship. A r :::i - 1
indicate□ o. perfect invcr.Je relntionohip. 
Graph 9 indicates Apparent% Fine content at headbox. Thie is due to the 
lack of sufficient shear forces in the Bauer McNeff Classifier to break the 
hydrogen bonds formed between the molecules added and the fiber and fines. 
Thia is "apparent" in the sheet. Adding the W.W. solids to this gives the 
apparent headbox fine content. As the chemicals are .n1ore effective in bonding 
the fines to fiber,the average fiber length is seen to increase and the free 
fine content in the headbox goes down relative to the blank. 
This apparent fine content in tho sheet has a negative on the moisture 
at the reol and smoothness, These are indicated by Graphs 10 and 11, These 
two graphs seem contradictory. However, Graph 12 sheads some light on the 
mechanism. As the polymers increase the average fiber length, the mobility of 
the finos is low and they can not move enough on the surface to fill in the 
void nreas. Hence, the sheet becomes rougher. Following this reasoning there 
2 
should be more void area and hence greater water removal as has been proposed . 
This argum nt appears not to be the case as the chemicals added that improved 
rentention tended to increase density. This helps explain why only Chemico.l D, 
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Pilot vs. Bench Results 
')7 - -
Graphs 18 through 26 indicates the correlation between bonch and pilot rc:mlts, 
F.:a.ch comparison is made at equivalent chemical addition levels. from the bench 
rooults vs. pilot results. Graph 10 indicates how well the Britt Jar predicts 
pilot machine fine retention. If similar correlation results are seen when 
comparing to mult-ply forming devise retention, the Britt Jar would be a 
powerful process tool, und not juat D. r-e�;cd.rch tool.
The results from the sheet property comparisons are mixed as would be ex­
pected. Hand sheets are good predictors for Mullen, moisture after press, 
moisture after reel,and stiffness, Graphs 19 - 22. While handsheets are poor 
predictors of Tensile and TEA due to lack of tension forceo in the X - Y plane, 
Graphs 23 and 24. 
Moisture after the wire was also not related to sheet mold drainage time, 
Graph 25. Nothing in the stude related to moisture after wire. In light of 
Britt's work turbulence and its effect on flocculation in the headbox may explain 
tho lack of any correlation. Handsheets did also not predict paper density. 
This is probably related to higher pressing and calandaring pressure found on 
the pilot ma.chine. 
It is essential that the raw data for comparison be first divided by basi5 
wt. and the blank. This negates the variation due the raw stock which wuuld 
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Improvemonts in every desired characteristics can bo seen from using wet 
and chemical additives. Unfortunatly, they do not all occur at tho same time 
and with the same chemical. The benefits gained must be weighed against the 
negative fRctors. For examplei If tho desired characteristic is Retention, 
this is .improved generally at the loss of water removal in pressing and 
drying. The results do indicate that prescreening chemicals in the lab is 
effective in evaluating qualitatively these trade-offs, within limitations 
such as tenaile, TB.A, density and drainage. 
Maintaining optimum addition level is critical in achieving desired 
characteristics. This is apparently not an easy task due to large variations 
seen in 100'/4 recyoled furnishes. Certainly furnish is a big factor as seen 
by tho consistant differences illustrated between the two part and three part 
furniohes. Comparing obtimum, dosage for stiffness improvement Chemical C, 
two part furnish is about 25/I/Ton. For the sam� chemical, three part furnish 
optimum dosage is 15#/Ton. 
The changes within a given furnish such a fine content are not as apparent. 
It is certainly true that what addition level is the optimum one day may be 
quite different the next. Causes seem to be many such as: Fine contcnt
1 
organic nnd inorganic conta.min.'.l tea. 
Recommendations 
Continued work with Britt Jar to correlate to an individual machine. '!'he 
apparatuo stirring speed can be varied to simulate turbulence conditions of a 
particular former. Retention testo should also be performed at the same con­
aiotenoy no individual formera to minimize variations. 
Thie etudy delt with many chemicals and not much time could be spent fine 
tunning individual chemicals. �•his should be done by individual mille baoed 
on furnish and machine conditions relative to their operations. 
The Britt Jar can provide a quick check by the mill as to whether changeo 
in chemical feed rate are necessary to maintain optimum feed rate. This is a 
key to gaining maximum benefits from chemical additives. Britt Jar i.s a part 
in the· picture and when used with ��nd sheet data,very useful information is 
gained. 
'~ , .. . 
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Table I 
Chemicals -41 -
Code Description AEEl lea tion Code nescriEtion AEElica tion 
� 
1 Cat LMW Drain. 29 Mineral Filler Den 
2 Cat Resin Drain 30 Mineral Filler Den 
' Cat MMW Drain, Rot 31 Nonionic Deaerntor 
4 Cat MMW Drain, Rot 32 Stren 
5 cat HMW Drain, Ret, For '3 Stren 
6 Cat HMW Drain 34 Dea·erator 
E Cat HMW Drain, WR, For, Ret 35 Deaerator 
8 Cat HMW Drain, WR, Ret 36 Cat MMW Ret 
9 Cat HMW Ret, For Cat H� Drain 
10 Cat HMW Rat, Drain 37 Cat MMW Ret 
11 Cat HMW Ret, Drain Ani HMW Drain 
12 Cat HMW Ret, Drain ,a Cat MMW Ret 
C Cat HMW Ret, Drain MMW Drain 
14 Cat Starch WR, Stren, For, Den A Ani HMW Ret, Drain 
15 Cat Starch WR B Cat HMW Stren 
16 Cat Starch WR 40 Noniomic Ret 
17 Cat Starch Ret, Stren Cat Starch Stren 
�18 Cat Starch Ret, Stren 41 Amp Starch Stren, Rot 
19 Cat Starch Ret, Drain Amp Starch Den, For 
20 Cat 'Starch Stren, }'01.· 42 Amp Starch Stren, Ret 
D Cat Starch Stren, Ret Ani Staxch Den, For, Wr 
22 Ani HMW Ret 43 Amp Starch Stren, Ret 
23 Ani HMW Ret, Drain Cat Starch Den, For 
24 Ani HMW Ret, Drain 44 Stren, Ret 
25 Ani Starch Ret Amp. Starch Den, For 
26 Ani Starch Stron 45 Stren, Ret 
27 Amp Stnrch Stren, WR, Fer Ani Starch Den, F'or 
28 Amp Starch WR 46 Cat Starch Stren, Ret 
Amp Starch Den, }'or 
47 Cat Starch Stren, Ret 
Amp Starch Den, WR 
48 cat HMW Ret, Drain
Mineral Filler WR, Den 
49 cat HMW Ret, Drain 
Mineral Filler WR, Den 
Add Fino 
Code Furn. Level Ret. 



































Sheot M. Britt Presa Drier 
+4.8 -1.7 -1.5 -.1
0 -1.7 -3.1 -5.5
+1.4 +1.1 +3-4 +4-3
+4.8 +16.3 +1.2 +2.0
-14.5 -20.0 +10.1 +15.2
-14.5 -10.4 +9.8 +14.3
+1.8 +5-2 +4.0 +27.3
+3.6 +1.0 +5.7 +16.7
+21.3 -1.4 -.6 +8.6
+51.6 0 +1.3 +9.2
-9.7 -1.6 +2.1 +15.3
-9-7 -1.6 +1.5 +11.6
-3.5 -1.7 +.3 +12.7
-1.0 0 -1.0 +14.2
+10.3 +37-3 +1.3 +.3
+17.2 +23.5 +2.0 +-4
+3-7 +14.4 +1.2 +2.4
+11.1 +12.5 +1.3 +4.6
+73.1 +1.0 +2.4 +3.1
+150.0 +2.6 +2.0 -.2
-12.2 +17.6 +.2 +.2
-8.2 0 +.2 +.6
-10.2 -13.5 +1 .4 +1.4
-8.2 -21.2 ..... 2 +1.0
-10.2 -21.1 -1.2 +2.7
-12.2 -14.4 -1.3 +3.6
+6.0 +7-4 +1.2 -.1
+10.4 +6.5 +.1 +.3 
+3 .• 4 -6.8 +1.6 +11.4
+5.7 -31.8 +.1 +5.2
+104 +36.4 +2.0 +1.6





Den Stiff. Mullen Stren. TB� Smo. 
0 +4.2 +5.8 -14.5 -21.5 0 
0 +9-9 +5.2 -23.6 -33.3 0 
0 0 +.6 -3.7 -4.2 1. 2
0 +1.0 +1.6 -7.6 -8.6 0
·+4.3 -6. 2 +9.2 -29. 7 -46.9 0 
0 +3.8 +18.3 -17-4 -33.3 -2.4
-4.5 -14.7 +7.3 -4.5 +2.3 -1.2
0 -28.3 -1.8 -25.5 -48.8 -1.2
0 -12 -5.3 -10.1 -11.2 1. 2
-4.5 -19.4 -4.7 +1.7 +2.8 -1.2
0 +9-7 -4.7 +3°3 +14.7 0
0 +6.5 -4.0 -3.3 -4.7 0
-4.5 +1.6 +2.9 _24.2 -28.2 -1.2
-4.5 +3°4 +4.6 -30.6 -35.6 -1.2
0 +10.4 -10.2 +2.4 +17.9 0 
0 +34.0 -13.3 +2.4 +1.5 0 
0 +2.9 0 +18.8 -63 0 
-4.5 +18.1 -8.3 +27.5 +3.6 0 
0 +5.6 -4.3 +26.8 +33.8 0 
+5.0 +2.2 +4.3 -1.3 0 1. 2
0 +1.6 -5.7 -10.0 -11.1 0 
0 -3.4 -10.3 -17.5 -21.9 0 
+9-5 -2.7 -8.1 -7-5 -9.8 -1.2
+4.8 -3.6 -4.1 -10.0 11.4 0
0 -2.4 -3.3 +2.5 -6.7 0
+4.8 +1.7 -21.1 -7.5 -4.4 0
0 +24.7 +7.6 +15.2 +7-3 0
0 +12.9 +8.5 +15.2 +10.3 2.4
+10.0 -4.0 +6.3 +14.e +21.3 0 
+10.0 +3.2 +14.1 -1.3 -6.4 0 
+4-5 +1.3 0 -19.6 -30.6 0 
+4.5 +7.6 -10.1 -30.4 -35.9 0 
3 
'l1ablo II con�. -4.:i-
Add Fine Drainitee Moioture Tensile 
Code Furn. Level Ret. Sheet .M. Britt Press Drier Den Stiff. Mullen Stren. TBA 8mo. 
17 2 5 +1.5 +3.4 -2.4 0 -.4 0 +.8 -4.6 0 +9°9 0 
15 +13.4 +3.4 -2.0 -.1 +7.6 0 -1.5 +9.2 0 +8.7 0 
18 5 +1.5 +12.1 -4.2 -.3 -.1 0 -12.3 0 +10.0 +18.1 0
15 +13.4 +5.2 -.8 0 -4.3 0 -6.7 +9.2 +15.0 +19.9 0
19 .5 +14.9 +14.8 -2.0 +1.4 +3-4 0 +7-5 +13.3 -16.3 -14.4 0
1 .8 +35-8 +29.6 -.8 +1.0 +2.6 0 +5-3 +18.8 -31.6 125.0 0
20 2 +32.7 +20-3 -2.6 +.6 -.1 0 -14.9 +8.6 -13.7 -6.4 0 
3.5 +36.5 +25.9 +.9 +1.0 +1.3 0 -8.8 +14.1 -2.6 0 0 
D 10 +1.9 +4-7 0 -2.0 -13.4 0 +1.6 +11.9 +3.1 0 +1.2
30 +25.0 +1.e 0 -1.2 -12.3 0 +6.4 -3.2 0 -1.7 +1.2
22 1.3 +2.0 +132 -5.e -.1 +1.3 0 +1.6 +18.9 -19.7 -32.9 0
2.0 +12.0 +329 -6.6 +1.3 +2.8 +11.1 -12.7 +18.9 -24.6 -33.9 +2.4
23 .• 5 +17.8 +21.0 -11.3 +.1 +1.6 +5.0 +2.0 -12.1
• 
+4°9 -11.5 +1.2
3.0 +22.2 +1370 -14.8 +.6 +2.0 +5.0 -1.0 -1.3 +12.2 +16.7 +1.2
�4 .5 +17.7 +3-9 -11.3 0 +1.1 0 -19.a -14.7 +2.8 +1;9 +1. 2
4.0 +17.7 +11.5 -23.5 0 +1.3 0 -4.a 0 +2.4 +1.0 +1.2
25 2 * +86.6 -5.6 +.1 +1.3 0 -2.4 -4.3 -15.2 -20.1 +3.6
8 * +308 +3-7 +.3 +2.0 · +9.1 -11.2 -17.9 -3.0 -2.9 +4.8
26 20 +23.1 +3°7 -1.8 -1.3 +1.2 0 0 +16.4 +1.9 0 0
40 +26.9 +1.9 -1.8 -1.0 +1.0 0 -11.0 +21.1 -7.9 -10.1 0
27 5 -14.0 +14.8 -1.4 +2.6 +11.6 0 +15.8 +10.6 -1.9 -1.2 0 
20 +4.7 +31.1 +8.5 +4.3 +.1 0 -3.4 0 +7.6 +1.2 0 
28 10 * -7-5 -1.0 +2.3 -.6 0 +9.2 -.8 -9 .1 -2.9 0 
4� * +4•5 +3.7 -.6 +1.2 0 +2.0 -1.7 -6.1 +2.5 +1.2
29 60 -2.0 0 -20.2 -1.3 -6.0 0 +4°3 -13.5 0 -1.4 0 
100 -6.0 0 -10. 1 -.4 -5.2 -4.5 +14.6 -11.1 -11.4 -3.6 0 
30 60 -7-5 0 -4.2 0 -3.0 -4.5 +12.4 0 -9.4 -3.1 0 
100 -10.4 +3.1 -.e -2.3 +1.0 -4.5 +6.5 -3.2 -1.5 -2.3 0 
31 2 +5°3 +s.2 +27.5 +.1 0 +4°5 +1.6 -5.1 0 + 1. 7 0 
32 5 +26.5 +12 0 +.1 +4.7 +4°5 +1.7 -6.3 -24. 7 -31.3 0
20 ◄-28.1 +149 +19.3 +2.3 +1.6 +4�5 +8.6 -2. 1 -23.2 -21.6 0 
"3 20 +5.8 -5.5 +3.2 ◄-1. 2 0 ... 15 .o -5. 1 +4 .5 +12.9 +11.7 +1.2
60 +5.8 -5.5 +7-4 +1.2 + 1.4 +10.0 -11.4 +9.0 +22.6 +20.9 0 
Tablo II cont. -44-
Add Fine Drainage Moisture 'l'onsile 
Code F\lrn. Level Ret. Sheet M. Britt Presa Drier Den Stiff Mullen Stren. TEA Smo. 
34 2 1.0 +6.4 0 -1 .4 +1.3 +1.1 +5.0 -1.6 +2.7 +1.8 +6.3 0 
35 .6 +1.4 +10.3 +58.8 +.2 -1.0 0 +2.7 -2.1 -14.6 -11.0 0 
1.0 +10.2 +10.3 +16.5 -1.1 +1.0 0 +2.8 +5.1 -4.9 +1.0 0 
36 .5/.75 -27 .1 + 11.8 +1.8 +.4 + 1.6 +5.0 +4.0 0 +4.6 -264 +1.2
.5/2.0 -35.4 +2.0 +6.9 +.8 +1.8 +5.0 +1.6 +8.1 +9.8 -t6. 5 +1.?
1.0/. 75 -27 .1 +3-9 +19.0 +.5 +2.3 +5.0 +2.0 +16.2 +2.4 -20.2 +2.4
37 .5/.75 -14.6 +83.6 +44-8 +8.7 +26.1 +9 .1 -11.5 -13.4 +25.7 +58.4 +3.6
.5/2.0 -14.6 +189 +41-4 +12.3 +22.4 +9.1 -14.6 -18.3 +8.6 + .7 +5.6
1.0/. 75 -4.2 +93-4 +48-3 +4-3 +18.3 +9.1 -25.7 -5-3 +17 .1 +12.5 +3.6
38 .5/.75 +20.8 +38.9 +51.7 +3.6 +9.6 0 -1.2 0 +12.5 -26.1 +2.6
.5/2.0 +39.6 +115 +81.0 +4.0 +12.3 0 -4.7 -11.9 +12.5 -30.4 +1.2
1.0/. 75 +52.1 +29.6 +87-9 +4.3 +13.4 0 -2.4 -11.9 +18.1 -1.5 +2.6
A 3/1 +23.0 -1.8 +20.8 -.4 +10.3 0 +6.0 +9.8 +12 .1 +9°5 0
:a 3/2 +27.0 +5.5 +18.8 -.2 +4 .1 0 +14.7 +13.9 +7-3 +9.8 0
7/1 +12.7 -15.7 +13.9 0 +3.6 0 +2.0 +26.6 +5.1 +4.5 +3.5
'//2 +15.9 -13.4 +15.8 +.3 +2. 0 +12.4 +18.7 +1.1 +3-9 +3-5
40 2/1 +6.3 -3.0 +9-9 +2.0 +12.3 +4-5 +7. 1 +13.2 +9°3 +1.7 0
0/1 +11.1 +10.7 +3.0 +2.2 +18.4. 0 +6.3 +0.9 -6.7 -1.2 0
41 10/10 +5.8 +1.6 +11.7 +2.0 +7.6 0 -e.4 +15.2 -5.7 -13.7 0
20/10 +5.8 +6.6 +9.6 +2.4 +11.2 0 +2.5 +4°3 -3.0 -13.0 0
42 10/10 +12.8 +62.3 +13.0 +5.2 +21.8 0 +5-7 +5.2 -9-4 -18.8 0
20/10 +12.8 +61-3 +10.6 +11.6 +22.4 0 +9.2 +6.0 -9.4 -21.7 0
43 10/10 * +1'.:,6 +21.3 +1.6 +4.7 +9• 'i -2.3 0 -e.3 ··22.6 +3.5
20/10 * +108 +17.0 +?.. 3 +8.9 +4-5 +9-4 0 -19.4 -22.3 +1.2
44 10/10 +46.0 +14.8 +30.7 +1.0 +1.4 +10.9 -16. 7 +12.2 0 +.3 +3.6
40/10 +48.0 +3.3 +31.8 +2.4. +6. 7 +s.o -11.3 +10.6 +13.1 +24.5 +2.4
45 10/4 +49.0 +95.0 +34 .1 +.6 +12.8 +5.0 +33.2 +10.6 +24.2 +22.0 +1.2
40/4 +50/8 +11.1 +38.6 +.9 +11.4 .. 5.0 +17.6 +16.3 +11 -3 +9.3 +1.2
46 10/10 * +3 .• 6 '-8.0 +2.4 +.3 0 -o.6 0 0 0 0
20/10 * +0.9 -6.5 +4.8 +.2 0 -5.0 -2.7 -0.7 -15.4 0
47 10/4 +20.5 +114 +6.5 +3.1 -.1 o . +1.4 -10.1 -17.4 -26.0 +3.6
20/4 +21.8 +255 +8.3 +3.5 +1.3 ➔4-5 +17.9 -27.G -10.9 -22.6 0 
3 2/60 +13.8 +6.2 -4.6 -.2 +1.2 0 +22�6 -12.1 .. 5.3 +8.7 0 
4/60 +39-7 -1-1.5 -14.7 -.3 -,4 -4.5 -3.2 -6.0 +10.8 +18.6 + 1. 2
49 11/60 +25.9 +4.6 +6.4 +. 2  -1.4 0 +6.5 -5.4 +9.7 +16.4 +1.2
22/60 +;52.9 +20.0 +5•5 -.1 -.6 -4.5 +5°3 -13.4 +8.6 +13.2 0 
Table II c,mt. 
-45-
DrA.inas:e Moisture Tensile 
Add Fine 
'ode Furn. Level Hat. Sheet M. Britt Pross Drier Den Stiff. l'-'hlllen ::>tren�. Tr:A Smo, 
1 ' 1 0 0 +4.0 +.6 +16.1 0 +1.2 -1.9 +1.3 +2.6 +1.3
10 +3°3 -4.3 +9°3 +6. 1 +31.7 0 +17.5 -20.2 +15.0 +31.1 0 
2 15 -1.6 +4°3 0 +.1 +5.0 +21.1 -9.6 +5-3 +2.4 +14.9 +1.3
30 -3.2 +16.5 0 +1.5 -1.6 +15.a -2.4 +14.7 +2.4 +6.9 0 
5 +11.3 +8.6 +12.3 +2.2 +1.7 +4.3 +9.8 0 -4.4 -17.0 0 
12 +12.9 +47°4 +6.7 +.5 +15.5 0 -10.8 0 -13.3 -34.3 -2.4
4 5 +1.6 +1.4 +5°5 -4.8 0 0 -6.2 -10.4 +6.7 +26.9 0 
12 +4.B -1.0 +11.0 + 1 .3 +1.8 +5.0 -39-4 -0.3 +5°4 +15.4 0 
5 .2 -18.0 -3.3 -10.7 -1 .6 -5.7 -5.0 -13.e +4.6 -5.a -23.0 -1.2
.6 -37°7 -3.7 0 -1.0 +2.2 0 -13.a +4.6 -21.1 -30.4 -1.2
6 2 -13.1 -.9 +6.7 +3°7 +25.9 +6.9 -15.4 -33°9 -3,7 0 
4 0 -.9 +18.7 +1.3 +20.5 0 -14 .1 -13.5 -32.7 -1.4 0 
E 11 +22.8 + 26. 7 +48.0 +1.0 +11. 7 -8. 7 +19-3 +3.6 -11.3 -19.2 0 
22 +36 .1 +31.0 +40.0 +.9 +6.9 -0.7 +20.1 +1.1 -23.7 -23.7 0 
6 2 +27.8 +3.2 +17.4 +1.6 +2.7 0 +4.4 -10.2 +4°4 -12.3 +1.2
4 +31.5 +15,9 +15.0 +.1 +3.6 -4.5 ;13.3 -13�2 +13.3 -22.9 +1.2
) .5 0 -10. 1 +2.5 +1.3 +2.0 +15.8 -11.2 +24.0 +2.4 -20.7 0 
3.0 +24.1 +32.4 +27.5 +1.8 +3.7 +21.1 +23.7 +12.0 +2.4 -26.4 0 
10 4 +19.4 +29.5 -5.5 -.1 +2.8 . +5°3 -27 .1 -3.9 +4.8 +34.2 0 
10 +21.0 +19.7 +6.8 -1.3 -1.1 +15.a -10.3 -5.3 -19.5 -19.5 +5.0
11 2 +5.6 -17.6 +26.3 +1.2 +13.3 0 -8.6 -6.4 -6.1 -e.9 +1.2
5 +14,8 -15.9 +31.6 +2.3 +31.3 +4-5 -12.3 -e.7 -9.7 -14.3 0 
12 2 +4.8 -20.6 -26 .3 +1.2 +2.3 0 -13.2 +9°4 -12.1 +9°9 0 
5 +16.1 -26.9 -13.0 +3-4 -.1 0 +11.3 +18.0 +6.1 0 0 
C 5 +4.8 -21.1 -27 .5 +.6 _3.4 0 +5°9 +11.5 +6 .1 +13.9 +2.4
10 +22.5 -19.3 -6.3 -1.3 +.2 0 -2.0 +3. 1 +6.1 +33°9 +1.2
14 5 +1.8 +10.9 +17.5 -.4 +1.2 +4°5 -14.3 +19.8 -0.5 -40.2 0 
20 +4.6 +35,8 +41.3 +1.3 +6.7 +4.5 +3°7 +27.0 0 -5.0 0 
15 10 +12.2 +3°4 +66.7 -.5 +2-3 +4,5 +16.8 +10.0 -3'7°5 -32.1 +2.4
40 +18.9 +5-7 +42.4 -.1 +3.1 +9.1 +20.3 +15-5 -31.3 -20.7 +2.4
16 2 +25.7 +124 +57-6 +'7.6 +19.4 0 +5.2 -27.6 -21.4 -31.4 +2.4
8 +18.9 +246 +13.0 +11.6 +31. 7 0 +3.6 -4.2 -19.8 -21.6 +2.4
17 5 +i'J.8 +6.0 +2.0 -.; �1.4 0 -;.7 +1.0 -6.9 -11.9 0 
15 +16.2 +B.3 �-1. 0 0 +1-5 +4.3 -.9 +1.0 -13.9 -18.1 +1.2
Table II cont. -�G-
nrainnge Moioture 'T'ensile 
Add. Fine. 
-;ode Furn. J.evol Het. Sheet M. Britt Preas Drior nen Stiff. Mullen Stren. 'PP.A Smo. 
18 3 5 +10.8 +6.0 0 +1.3 +7.2 0 -3.1 +5.3 -3.9 -15.3 0 
15 +13.5 +1.3 +3.0 +1.8 -2.1 0 -2.2 +2.6 -4.7 -18. 1 0 
19 .5 +20.2 +16.8 . -6.0 +.8 +3.6 0 +13.6 +9.5 +5-3 +11.6 +1.?
1.8 +22.9 +26.3 -1.0 +2.0 +6.2 0 +26.4 +12.9 +7.6 +0.3 +2.4
20 2 +12.3 +27.4 +6.1 +.4 +2.3 0 +17.3 -4.3 +18.5 +24.5 0
3.5 +17.8 +44.2 +7.2 +1.2 +2. 7 0 +28.4 +6.9 +32.2 +14.6 0 
D 10 +2.7 +.8 -4 .1 -1 .5 -13.1 0 +4.2 +8.8 +8.6 +6.7 0 
30 -2.7 +1.0 -6.2 -.8 -12.9 0 +24.8 +8.8 +21.7 +18.2 0 
22 1.3 +19.7 +63.2 +29.3 +.6 +9.6 +5°5 +1.6 -2.9 -14.3 -26.5 +1.�
2.0 +19.7 +259 +32.0 +1.8 +12.2 +11.1 0 -1.4 -7.1 -21.4 0 
23 .5 +6.5 -6.8 -1.4 +1.3 +5.e +5.0 0 0 +11.9 +20.7 0 
3.0 +8.1 +12.1 -9.6 +.8 +4.2 +10.0 0 -4.2 +4.8 +1.2 0 
24 .5 +21.0 +81. 7 + 11.0 +2.6 +2.3 0 -21.2 -5.2 -2.4 +8.1 0 
4.0 +25.8 +234 -2.7 +3.8 +1.6 +15.0 -20.3 -9.4 -9.5 -23.2 0 
25 2 +3°7 +297 +29.0 +.5 +4.6 +9.5 -8.6 -13.4 -4.3 -9.7 +8.6
8 +21.1 +534 +61.9 +.4 +3. 2 +9.5 -9 .1 -18.6 -a.7 -12.3 +8.6
�6 20 -4.1 +5.3 -13.4 -1.0 +14 .4 0 +8.8 +1.7 +7.4 +1.3 + 1. 2
40 +1.4 +7°4 -11.3 -.8 +12-3 0 -5.6 +.9 +7°4 +9.6 +1.2
27 5 +5.1 +18.5 +5.4 +6.7 +12.4 0 +24.0 + 16.1 -6.3 +5.1 0
20 +17.9 +31.2 +10.7 +3°7 +5.7 0 +19.7 +25.5 0 +1.e 0 
28 10 +7-3 +20.8 +33-3 +2.0 +4.2 ·}4 • 5 -8.8 +6.2 -e.5 -27.4 0 
40 +8.5 +10.5 +35 ♦9 +.1 +5.3 +4-5 -24.3 +19.6 0 -13-3 +3.6
60 0 0 -26.0 -1.1 -4.3 0 +12.9 -1.7 0 -1.3 0 
100 -5.4 0 -14.0 -.8 -4.0 0 +13.5 .,, 3. 1 +1.6 +2.3 -1. �?
30 60 -2.7 -11.6 -6.0 -1.0 +.8 0 +11.3 -6.1 -1.3 +.6 0
100 -5.4 0 -2.0 -.8 -4.6 0 +19.6 -14.0 +.6 0 0 
31 2 0 +11.1 -10.3 0 +1.2 0 +13 .. 1 -5.1 -1.3 0 +2.4
32 5 +18.9 -5.5 +16.7 +4.6 +11.4 +4.0 +7.6 -10.4 -6.7 -8.3 0
20 +20.2 -1.8 +16.7 +B.2 +10.3 +4.0 +6.4 -9.8 -7.6 -13.4 0 
33 20 +3. 8 �2.3 + 1.9 +1.3 -2.7 +4-5 +6.7 0 +60 +1.7 +2.5
60 +6.4 +2.3 +1.8 +1.4 -.4 +9.1 +1.4 +13.0 +21.2 +26.8 +1-3
34 1.0 +3.4 +. 1 +1.3 +,7 +1.6 +4.5 +1.6 0 +.1 +5.4 +1.2
35 .6 0 +15.9 -10.5 ;6.7 ;13.1 0 +1.3 -0.3 +.6 +1.3 +2.4
1.0 +7-4 +46.0 .t54.4 +.6 +,. 2 0 -1.9 +5.1 +�2 +1.6 ()




�ode J<'urn. LP.vel Ret. Sheet M. Britt Presa Drier Den Stiff. Mullen �itrens:. �l•�A Srno • 
36 3 • 5/.75 -11.1 +28,3 -5.e +2.0 +.3 0 +2.8 0 -2.4 -4 .1 0 
.5/2.0 -5.6 +31.8 -4,3 +,7 +1.3 +4,5 -29,6 -14.9 -4,8 -17,7 0 
1. o/. 75 -tj. 7 +25,9 -2.9 +4-3 +8.7 0 -13.3 0 -7,3 -19.0 0 
31 .5/.75 -14.0 +28,3 -14.4 +4,6 +6.6 0 0 -5.9 +12.2 +24.3 +2.4
.5/2.0 -16.7 +72,5 -15.9 +3,2 +7,2 0 -19.3 -11 .0 + 1 o. 1 +18.6 +4-7
1. o/. 75 -7. 4 +300 -8.7 +4 .1. +8.4 0 -35,3 -11.8 +12.2 +7,3 +4. 7
38 .5/.75 +24.4 +276 +56.5 +1,7 +4. 1 0 -1.3 -1.1 -10.5 -19,8 +2.(,
.5/2.0 +46.3 +591 +56.5 +.9 +1.3 0 +2,4 0 -13.6 -22.7 +3,U
1.0/. 75 +42,6 +242 +65.2 +2. 1 -. 1 0 +5,0 -7,4 -12.6 -24.0 +1-3
39 3/1 +1.3 +28,7 +16.9 -1.3 -.6 0 +3. 1 +21.1 +2.2 +1.5 0 I 
3/2 +7,6 +36,2 +9,6 -1 .9 0 0 -3.7 +10.0 -3,4 -2.7 0 
7/1 +2.5 +4,9 +36. 1 +.6 +2.0 +4,5 -.1 +10.5 7.0 +14 .1 0 
7/2 +10.1 +8. 1 +31,3 +1.3 +2,3 +4,5 -3.0 +10.5 -13.2 -10.0 0 
40 2/1 -3,8 +10-3 +16.9 0 +.8 +4,5 +3.2 +15,3 -3,8 -9-7 0 
0/1 -2.5 +25.2 +15,7 -.2 +3.1 +4,5 +4.6 +17,0 -4.2 0 0 
41 10/10 * -5,7 +1.0 +3-3 +27.0 +4.0 -3,4 +0.9 +13-3 +18.4 +6. 1
20/10 * + 12. 1 +1.0 +1 .6 +1.3 +4,0 -2.6 +1.8 +23 .1 +36.4 +6 .1
42 10/10 + 12 .·e +15.2 +13.6 +1.8 +2.3 +4,0 +20,7 +1.8 -6.3 -5,5 +3-3
20/10 +15,3 +22.0 +7,8 +4-3 +21.6 +4,0 +16.3 -6.3 -9,7 -11.5 -+ 1 • 1
43 10/10 * +1.0 +7,7 -1.2 +,7 +9, 1 +10.4 -20.6 -9.6 -9-5 +10.0
20/10 * +16.2 +10.6 +2.6 +5,4 +4-5 +11.4 -19.6 -16 .1 -23.7 +�o.o
44 10/10 �- +14.8 +80,3 +.6 +2.3 +5.0 +3,0 +11.1 0 0 +3,5
40/10 * +3,3 +66.7 +1,4 +3.7 +5,0 +4, 1 +21,3 +1.3 -2.7 +2.2
45 10/4 * +256 +10.3 -.6 +2,7 +18. 2 ➔4,6 -20.6 -19.4 -30.5 +8.U
40/4 * +281 +01 -1.3 +3,8 +18.2 +3,4 -9,8 -11.1 -20.9 +6.3
46 10/10 +12.2 +5.6 +23.8 +1.3 +3,1 0 -3,4 -3. 1 +1.3 +2.9 0 
20/10 +9,8 +5,6 +41,3 +2.0 +3-4 0 -3,7 0 +1.3 +6.2 0 
47 10/4 * +129 +82,5 +1.4 +3,6 0 +4, 1 -17,5 -15.0 -25.6 +7,5
20/4 * +118 +79,4 +1.2 +1.2 +4,3 +1.6 -9,4 -17-5 -24 .3 +6.3
48 2/60 +23,9 -4,9 +3,2 0 -.5 0 +3,4 -. 1 -15.4 -37,0 0 
4/60 +20.4 +3. 1 +6.4 +.1 -.2 -4.5 -1.2 -9,2 -9.6 -23.9 0 
49 11/60 +22,4 +5,7 -14.9 -.6 -.6 -4,5 +3,8 +1.8 -17-3 -36.6 0 
22/60 +34,3 +11 -3 +23,4 -. 1 -.1 .. 4.5 +3,8 +10.1 +5,8 +12,9 0 
Add 
Chem- Level. 
ical #'l'on F'urn. 
0 3 
..., 2 3 
C 10 3 
0 2 
A/B 3 /1 2 
A/B 5 /1 2 
A/B 5 /?. 2 
A/E 10 /2 2 
A/B 15 /2 2 
A/B 15 /3 2 
3 
D 10 3 
D 15 3 
D 20 3 
D 25 3 
D 30 3 
0 2 
""\ 10 2 
D 15 2 
D 20' 2 
D 25 2 
D 30 2 
0 3 
E 1. 1 3 
E 10.7 3 
E 14 .3 3 
},J 17.9 3 
E 21 .4 3 
0 2 
E 7 .1 2 
E 10. 7 2 
E 14.3 2 
E 17.9 2 








































net. cons. cona. 
52.3 .34 7 .068 
56.9 .348 .060 
74.6 .336 .042 
56.9 -361 .056 
61.7 '• 320 .040
59.3 • 324 .043 
65.0 .325 .042 
63.0 .324 .044 
59.4 .332 .042 
63.5 .320 .040 
35.3 .404 .071 
43.2 .366 .061 
44.4 -352 .065 
50.0 .374 .063 
49.4 .399 .072 
39.0 .360 .071 
32.9 .354 .068 
36.9 .326 .067 
47.5 .362 .056 
43.7 .348 .057 
50.9 .305 .055 
45.7 .379 .059 
42.0 .423 .095 
43.8 .271 .090 
52.4 .365 .075 
56.9 .4 23 .080 
65.5 .496 0076 
55.6 .3GO .076 
50.9 .435 .064 
43.3 .3e4 .061 
45.2 .360 .063 
50.5 .391 .066 
50. 7 .304 .062 
50.9 .324 .063 
Tabla III 
l):llot re ;:;ul ts 
-4·0-
Britt Britt % Mois.
w.w. % Fine ML After 
Cons. CSf1 Sheet Throu Wi.re 
.064 · 425 19. 1 55 (7.30) 
.05e 431 19.5 63 (7.80) 
.033 440 19.0 57 (7.66) 
.052 521 13.9 67 ( 8. 83) 
.042 525 13.7 84 (0.eo) 
.044 523 13.2 101 (8.68) 
.030 525 10.1 88 (8.60) 
.040 536 9.5 93 (8.75) 
.045 551 9.3 86 (8.82) 
.040 545 8.6 94 (9.97) 
.088 400 16 .1 50 8.80 
.070 303 15.6 51 8.63 
.066 376 14.7 71 e.43
.062 456 19.2 68 8.16 
.068 402 16.7 67 9.24 
.074 410 19.9 68 9.20 
.075 520 17.4 103 0.14 
.065 519 22.2 97 9.20 
.060 503 17.3 87 e.34
.062 467 15.1 86 8.81 
.062 436 13.4 86 7.90 
.065 399 1 o. 2 86 7.00 
.106 411 20.7 57 7.71 
.090 383 31. 7 52 7 .05 
.075 382 22.3 65 8.06 
.073 397 19.7 71 7 .86 
.074 4 21 10.9 66 7.74 
.069 410 21.9 65 0.04 
.064 485 14.7 120 e.30
.064 501 e.9 110 e.37
.058 496 11.4 114 8.60
.064 490 10.4 112 0.25
.062 532 10.5 110 e.05
.062 541 9.7 105 8.21 
-�-9-
Park Total 
% Moio. % Den- Mul- Print Stiffnoaa '.l,'ena il� TEA % 
After Moia. oity len Surf. en MD CD MD CD MD Pine 
6.23 .56 2.38 .56 6.4 1.55 3.20 .10 · .20 .16 .oe 30.7 
6.53 .57 2.51 .64 6.2 1.53 3. 21 • 11 .17 .14 .07 36.7 
6.43 .57 2.48 .59 6.4 1.46 3.18 • 11 .19 .15 .10 31.5 
7.26 .63 2 .46 .50 6.8 1. 78 2.97 .11 .20 .18 .10 33.4 
7.26 .65 2 .4 1 .50 6.9 1.52 3.43 • 10 • 18 • 15 .oe 25.9 
7 .17 .67 2.54 .61 7.2 2.12 3.ao .10 .20 .17 .oe 26.5 
7.11 .67 2.48 .5e 7. 1 1. 54 3.51 • 11 • 19 • 15 .09 23.0 
7.22 .66 2.50 .58 6.8 1.90 3.71 • 11 • 21 .16 .09 23.1 
7.27 .68 2.45 .64 7.3 1.60 3.50 .12 .21 .16 • 10 22.0
8.10 .69 2.39 .61 7.2 1.65 4.47 .12 .22 • 16 • 11 21.8 
7 .02 .50 2.40 .51 6.5 1.70 3.97 .12 .21 .16 .09 33.7 
7.08 .50 2.28 .51 6.4 1.63 3.88 • 11 .20 .14 .07 32.7 
6.99 .49 2.20 .50 6.6 1.78 4.06 .12 • 19 • 15 .07 33.2 
7 .1 O .51 2.21 .56 6.7 2.05 4.05 .12 .18 • 17 .07 36.0 
7.39 .49 2.20 .62 6.6 1. 84 3.76 • 13 .21 .20 .07 34.7 
7.46 .50 2.20 .62 6.8 1.96 3.92 • 12 .19 .17 .00 39.6 
6.95 .65 2-30 .58 6.9 1.73 3.61 .12 .17 .16 .10 31.6 
7.37 .64 2.30 .59 6.5 1. 82 3.59 • 12 .19 .16 .oe 42.e
7.41 .64 2.30 .• 69 7.0 2.07 3.64 • 12 • 21 .16 .10 32.0 
7.66 .65 2.19 .62 7.2· 1.91 3.72 .12 .22 • 16 .09 31.5 
6.56 .66 2-39 .68 7.0 2.27 4.09 .12 • 23 .15 .00 27.0 
7 .04 .65 2.29 .64 7.3 2.03 3. 83 • 13 .20 .17 .07 25.8 
5.07 .41 2.39 .50 6.5 1.53 3.96 • 12 .21 .18 .oe 43.2 
6.44 .46 2.33 .52 6.5 1.65 3.75 .12 .22 .18 .07 45.9 
6.61 .46 2 .3-1 .52 6.7 1 .60 3.61 • 11 • 19 • 18 • 10 42.0
6.08 .43 2 .45 .55 6.6 2. 0,1 4.56 • 11 • 19 .19 .07 30.6 
6.25 .44 2 .,11 .54 6.5 1 .09 4 .15 • 11 • 21 .20 .os 24. 2
6.66 .49 2.30 .53 6.7 1.72 3.79 .12 .25 .20 .oo 43.0 
7.00 .61 2.36 .51 6.9 1. 55 3.29 • 11 • 17 .19 .00 29.4 
7.00 .79 2.26 .52 6.9 l.75 3.56 • 11 .17 .16 .oa 20.9 
7.14 .79 2.26 .48 7.0 1.53 3.26 .09 ,17 .14 .09 28.9 
6.05 .77 2.27 .50 6.8 1 .60 3.65 .10 .17 � 19 .09 33.3 
6.98 .76 2.29 .51 7.2 , .9s 3.56 • 10 • 18 • , 6 .oa 26.6 
6.95 .76 2.27 .50 7.2 , • 70 4.20 • 10 .17 .16 .os 29.2 
Table III COi"\�. 










For • Formation 
. 
HMW High.Molecular Weight 
LMW Low Molecular Weight 
Mach. Machine 












WWc (vt/ Vwwll !00?inc Hot. ir:a 1 - He• L•'p 'J 
Fp a fines portionHer::: IIe;:i.d box conn. cJ 100 mlV-t = 'l'otu.1 · volume intiQlly in Britt JarVW\-t= Volume throuc;h Dri tt Jar W\vo a White 1·fater cono. g / 100 ml 
Dr:l.in. time d .... ( r· - ',�r;) ,, ,.., 
ds "' me(:utlJ'ed dr�Lin .. tge time r = basis wt. g / m2 
a [ 90 - ';{','/~ II -. " P C .. 
